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Abstractt  Clinical evidence suggests that an increased amniotic fluid pressure due to 
polyhydramnioss increases the placental vascular resistance. We sought to model the possible 
effectss of an increased amniotic fluid pressure on the net fetofetal transfusion in 
monochorionicc twin pregnancies. We wanted to compare these effects with results of previous 
simulations,, which aimed to explain why twin-twin transfusion syndrome (TITS) placentas 
includee more often bidirectional arteriovenous (AV) than AV plus arterioarterial (AA) 
anastomoses.. We extended our mathematical model of TTTS by simulating two different 
mechanismss that increases the placental vascular resistance as a consequence of 
polyhydramnios.. First, an increase in the placental capillary resistance and hence in deep AV 
andd opposite AV (denoted as VA) resistances due to polyhydramnios. Second, an increase in 
thee resistance of chorionic veins due to polyhydramnios, assuming these veins act as Starling 
resistors.. We then simulated the effects of polyhydramnios on different placental anastomotic 
patterns.. The results were as follows. In the first mechanism (polyhydramnios affects AV-VA 
resistances),, an increased amniotic fluid pressure hardly affected bidirectional AV, but 
slightlyy decreased fetofetal transfusion in AV plus AA anastomoses. However, for these 
effectss to change the natural development of the pregnancy, polyhydramnios needed to persist 
forr approximately 4 weeks, and by comparing the effects of polyhydramnios with the effects 
off  amnioreduction, amnioreduction was more beneficial for normalizing the donor amniotic 
fluidd volume. Therefore, these beneficial effects due to polyhydramnios have no practical 
clinicall  significance. In the second mechanism (Starling resistors for chorionic veins), 
polyhydramnioss slightly increased fetofetal transfusion and hence slightly increased TTTS 
severityy in bidirectional AV and AV plus W , but did not affect AV plus AA anastomoses. In 
conclusion,, we hypothesize that the simulated effects of polyhydramnios are not the primary 
causee that TTTS placentas include more often bidirectional AV than AV plus AA 
anastomoses.. Rather, the more likely explanation is the previously identified larger range of 
AAA than VA anastomotic diameters that adequately compensate for the effects of the AV. 

Keyy words: polyhydramnios, monochorionic twin pregnancy, twin-twin transfusion 
syndrome,, placental anastomoses, mathematical model, Starling resistor. 
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1.. Introductio n 
Twin-twinn transfusion syndrome (TTTS) is the pathological form of the circulatory 

imbalancee that can develop between monochorionic twin fetuses. The syndrome is caused by 
onee or more unidirectional arteriovenous (AV) placental connections between the twins, 
transfusingg blood volume from the donor to the recipient at a rate that exceeds fetal growth of 
eachh twins' blood volume (van Gemert and Sterenborg 1998). Clinically, TTTS presents as 
severee oligohydramnios in one twin (the donor), which commonly becomes "stuck" in its 
membranes,, and simultaneously polyhydramnios in the other twin (the recipient). Often, the 
twinn pairs exhibit weight discordancy, with the donor demonstrating small for gestational age 
andd the recipient being of normal size. More severe forms of TTTS may imply anemia and 
absentt bladder fillin g in the donor twin, and polycythemia, hypertension, cardiac hypertrophy, 
tricuspidd insufficiency and hydrops in the recipient (Quintero et al 1999). 

Thee anatomy of the anastomoses is of importance to the pathophysiology of TTTS. 
First,, AV anastomoses are connections at the capillary level located deep within the joint 
placentall  cotyledon, where arterial blood supply comes from a donor chorionic artery and 
venouss drainage by a recipient chorionic vein. Often, however, AV fetofetal transfusion is 
compensatedd by oppositely directed (i.e., recipient to donor) transfusion from other 
anastomosess (Diehl et al 2001), which can be higher resistance (smaller size) opposite AV 
(denotedd as VA), arterioarterial (AA) and venovenous (VV). Whereas AV and reverse VA are 
deepp anastomoses, AA and VV anastomoses are direct superficial connections between 
chorionicc arteries and veins, respectively, from both twins (Machin et al 2000). Although 
deepp anastomoses may be a combination of AV and VA, the net fetofetal transfusion is by 
definitionn from donor to recipient, so ultimately in the AV direction. Conversely, due to the 
increasedd vascular pressures of the recipient, all superficial (i.e., AA and VV) fetofetal 
transfusionss must occur from recipient to donor, although to some degree less than the net 
deepp transfusion. Thus, compensating anastomoses may prevent or delay onset, or mitigate 
thee severity of TTTS (van Gemert et al 2001a, Umur et al 2001a, Umur et al 2001b, Umur et 
alal 2002). 

TTTSS is associated with significant mortality and neurological sequelae (van Gemert 
etet al 2001a). Although there are numerous direct sequelae of anemia or polycythemia, the 
developmentt of polyhydramnios may exacerbate the adverse outcomes. In singleton 
pregnancies,, increased amniotic fluid pressure is inversely associated with fetal blood gas 
valuess (Fisk et al 1994). Polyhydramnios also increases uterine pressure and volume, often 
resultingg in premature uterine contractions, preterm rupture of membranes and preterm labour 
andd delivery. During the past decade, transabdominal amniotic fluid drainage 
(amnioreduction)) of the polyhydramnios twin has become an accepted treatment for TTTS. 
Althoughh amnioreduction seeks to reduce uterine volume and prolong the pregnancy, littl e is 
knownn of the impact of polyhydramnios on the fetoplacental circulation. In monochorionic 
twinn placentae, polyhydramnios increases the placental vascular resistance, and 
amnioreductionn significantly changes the pulsatility index of umbilical arteries (Zikulnig et al 
1999).. Polyhydramnios may thus also affect the degree of fetofetal transfusion and, hence, 
mayy reduce (van Gemert et al 2001b) or increase TTTS severity. 

Recently,, we developed a mathematical model of TTTS that predicts amniotic fluid 
volumee and fetal growth related to the placental angioarchitecture (Umur et al 2001a). In this 
priorr model, the effects of polyhydramnios on transplacental flow (fluid flow from mother to 
fetus)) were assessed, although not the effects on net fetofetal transfusion. In the present study, 
wee expanded our model to identify effects of increased amniotic fluid volume and pressure on 
thee net fetofetal transfusion and, hence, on TTTS severity 
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2.. Methods 
2.1.2.1. Mathematical model 
Thee mathematical model of twin amniotic fluid volumes and fetal blood volumes has been 
previouslyy described (Umur et al 2001a). Briefly, input model parameters are the degree of 
placentall  sharing and the resistances of AV, VA, AA and VV anastomoses throughout 
gestationn (van Gemert and Sterenborg 1998). The model includes 10 coupled differential 
equations,, which assess interactions of fetal blood volume and osmolality, swallowing, urine 
production,, and amniotic fluid volume and composition. Growth of fetal total body fluid, 
includingg fetal blood volume, and amniotic fluid volume is a result of transplacental fluid 
floww from maternal to fetal blood. Anastomotic fetofetal transfusions alter donor and recipient 
physiologicc parameters throughout gestation. The stuck donor twin (i.e., amniotic fluid 
volumee <10 ml) and polyhydramnios sequence of TTTS develops once the net fetofetal 
transfusionn increases to a greater degree than the increase in fetal blood volume growth of 
eachh of the twins (van Gemert and Sterenborg 1998). Our model can simulate severe as well 
ass mild forms of TTTS, where severity is related to the difference in hemodynamic capacity 
betweenn compensating (i.e., VA, AA, W ) and primary AV anastomoses (Umur et al 2001a). 
Milderr forms of TTTS either show spontaneous reaccumulation of donor amniotic fluid, or 
retainn significant donor urine production, despite a persistent stuck donor twin (Umur et al 
2001a). . 

Inn our original mathematical model (Umur et al 2001a), we considered only the 
primaryy effects of increased amniotic fluid pressure on transplacental fluid flow {Trans), 
whichh is considered as the main source of fetal and amniotic fluid growth. Trans is assumed 
too depend on a dynamic balance between the hydrostatic pressures and colloid osmotic 
pressuress across the placenta 

TransTrans = L„[( P^ -(P^+Pfa))~(.COP  ̂ -COP„,)] (1) 

wheree Lpi (ml/week/mmHg) is the net transplacental filtration coefficient, Pmat is the maternal 
meann arterial blood pressure in the intervillous space, P^m is the transmitted amniotic fluid 
pressuree and Pfet is the fetal capillary blood pressure. COP mat, COP/et are the colloid osmotic 
pressuress of the maternal blood and fetal blood, respectively. Within the fetal body, the 
transmittedd amniotic pressure adds equally to arterial and venous pressures, so it is added to 
thee fetal capillary pressure. From Eq.1, therefore, an increased amniotic fluid pressure 
decreasess the transplacental flow from mother to fetus. 

Thee compliance of the uterus is defined as normal amniotic fluid volume divided by 
normall  amniotic fluid pressure throughout gestation. 

2.2.2.2. First mechanism: Increase inAV-VA resistances due to polyhydramnios 
Wee have assumed and modeled the resistance increase in the placental capillaries and hence 
inn the AV and VA anastomoses as a function of polyhydramnios severity. In this mechanism, 
wee have assumed that capillary resistance remains normal until polyhydramnios develops, 
afterr which resistance increases linearly with the amount of excess amniotic fluid volume, 
proportionall  to the excess amniotic fluid pressure. We have defined polyhydramnios as at 
leastt twice the normal amniotic fluid volume (Umur et al 2001b). Since the relation between 
capillaryy AV and VA resistances and excess amniotic fluid volume is unknown, we have 
chosenn several functions relating the two parameters (Fig.1). 
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Fig.ll  The ratio of AV anastomotic resistance with polyhydramnios to normal AV anastomotic resistance versus 
thee ratio of polyhydramniotic to normal amniotic fluid volume for different slopes (2, 8). Without : AV 
resistancee ratio without polyhydramnios. 

Inn this first mechanism we only included the AV-VA resistance increase due to 
capillaryy compression by polyhydramnios, but not an increase in superficial AA, VV 
resistances.. Furthermore, we only considered AA anastomoses in our analysis, since VV 
anastomosess behave similar to AA (van Gemert and Sterenborg 1998). 

2.2.1.2.2.1. Presentation of 111 S manifestations 
Ourr mathematical model (Umur et al 2001a) suggested two different possibilities in the 
presentationn of TITS manifestations. First (presentation A), a stuck donor twin and 
polyhydramnioss in the recipient's sac occur virtually simultaneously. Second (presentation B), 
polyhydramnioss in the recipient's sac occurs earlier than a stuck donor twin. These different 
presentationss can develop with both VA and AA compensatory anastomoses and cause 
differentt changes in net fetofetal transfusion, as will be shown below (results section). 

Wee have chosen four anastomotic patterns of a primary AV and either secondary VA 
orr AA to simulate TTTS: Case Al: AV plus VA anastomoses and simultaneous 
polyhydramnioss and stuck twin. Case A2: AV plus AA anastomoses and simultaneous 
polyhydramnioss and stuck twin. Case Bl: AV plus VA anastomoses and polyhydramnios 
occurss earlier than a stuck twin. Case B2: AV plus AA anastomoses and polyhydramnios 
occurss earlier than a stuck twin. 

2.3.2.3. Second mechanism: Chorionic veins act as Starling resistors 
Wee have hypothesized that chorionic veins act as Starling resistors if the amniotic fluid 
pressuree increases. We have defined normal amniotic pressure to be 1 mmHg less than fetal 
venouss pressure, as amniotic fluid pressure is measured to be 1-3 mmHg lower than the 
venouss pressure (Weiner et al 1989). We simulated three anastomotic patterns for TTTS: 
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CaseCase Cl\ AV plus VA anastomoses. Case C2: AV plus W anastomoses. Case C3: AV plus 
AAA anastomoses. 

Wee have included AV plus VV patterns here since, if the Starling mechanism is 
includedd for chorionic veins, W anastomoses do not behave similar to AA, because of the 
lowerr hydrostatic pressures, i.e., Eq.2 below. 

Pressure-floww relationships in collapsible tubes can be described by a Starling resistor 
whichh is defined as "a collapsible tube surrounded by a fluid filled rigid container in which 
thee pressure external to the tube exceeds the outflow pressure" (e.g., Milnor, 1982). There are 
threee separate conditions of flow (g) through small collapsible tubes. When surrounding 
pressuree (Ps) exceeds the outflow pressure (P0) at constant inflow pressure (Pi), Q is driven by 
pressuree difference (P, - Ps). When P0 is raised so that it exceeds Ps, at constant P„  Q is 
proportionall  to (P, - P0). More formally, 

QQ = (Pi-Ps)/R if Pi>Ps>P0 (2a) 

QQ = (Pi-P0)/R if Pi>P0>Ps (2b) 

00 = 0 if Ps>Pi>P0 (2c) 

Here,, R is the resistance of the fully open tube. It has been shown that these pressure flow 
interactionss exist in the fetal circulation of the sheep placenta (Bissonnette and Farrell 1973). 

3.. Results 

3.1.3.1. First mechanism: Increase in AV-VA resistances due to polyhydramnios 
Wee created the following anastomotic parameters that simulate mild TTTS cases. 

3.1.13.1.1 Polyhydramnios and a stuck donor twin occur simultaneously, cases Al andA2 
CaseCase Al: AVplus VA anastomoses: Without modeling the effects of polyhydramnios (Umur et 
alal 2001a), a stuck donor twin occurs at 19.7 weeks gestation but the donor twin starts to 
reaccumulatee amniotic fluid spontaneously at 26 weeks (Fig.2). The net fetofetal transfusion 
fromm donor to recipient decreases (Umur et al 2001a) once the donor twin becomes stuck (not 
shown).. Including the effects of polyhydramnios (i.e., increased AV and VA resistances), the 
additionall  decrease in net fetofetal transfusion due to polyhydramnios was minimal (not 
shown),, and consequently, amniotic fluid behaviour for both recipient and donor twins was 
minimallyy affected (Fig.2). 

CaseCase A2: AV plus AA anastomoses: Without modeling the effects of polyhydramnios, 
aa stuck donor twin occurs at 18.6 weeks gestation but the donor twin starts to reaccumulate 
amnioticc fluid spontaneously at 26 weeks (Fig.3a). The AV transfusion, and hence the net 
fetofetall  transfusion from donor to recipient, decreases (Umur et al 2001a) once the donor 
twinn becomes stuck (Fig.3b). The sudden change in net fetofetal transfusion at about 26 
weekss (indicated by "P") is due to reaccumulation of donor amniotic fluid. Including the 
effectss of polyhydramnios did not influence net fetofetal transfusion before onset of a stuck 
twin.. Hence it did not prevent occurrence of a stuck donor twin at 18.6 weeks. Nevertheless, 
nett fetofetal transfusion decreased significantly with increased AV resistance (Fig.3b), 
causingg earlier reaccumulation of the donor amniotic fluid (Fig.3a, and compare the different 
"PVMnFig.3b). . 
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Fig.22 The results of donor's amniotic fluid volume versus gestation for the case of AV plus VA anastomoses 
(resistancess at 40 weeks are 0.16 and 0.22 mmHg/ml/day respectively) with polyhydramnios and stuck twin 
occurringg simultaneously (case Al) . Normal: Normal amniotic fluid development. Dotted line: Without 
consideringg the effects of polyhydramnios. 2: The slope of AV resistance increase is 2 (Fig.1), 8: The slope of 
AVV resistance increase is 8. 
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Fig.3a)) The results of donor's amniotic fluid volume versus gestation for the case of AV plus AA anastomoses 
(resistancess at 40 weeks are 0.43 and 0.16 mmHg/ml/day respectively) with polyhydramnios and stuck twin 
occurringg simultaneously (case A2). Normal: Normal amniotic fluid development. Dotted line: Without 
consideringg the effects of polyhydramnios. 2: The slope of AV resistance increase is 2 (Fig.1), 8: The slope of 
AVV resistance increase is 8. 
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Fig.3b)) The results of net fetofetal transfusion versus gestation for the case of AV plus AA anastomoses 
(resistancess at 40 weeks are 0.43 and 0.16 mmHg/ml/day respectively) with polyhydramnios and stuck twin 
occurringg simultaneously. Dotted line: Without considering the effects of polyhydramnios. 2: The slope of AV 
resistancee increase is 2 (Fig.1), 8: The slope of AV resistance increase is 8. ST: stuck donor twin. R: 
reaccumulationn of amniotic fluid volume in the donor. 

3.1.23.1.2 Polyhydramnios occurs earlier than the stuck twin, cases Bl and B2 
CaseCase Bl: AV plus VA anastomoses: Without modeling the effects of polyhydramnios, the 
donorr twin becomes stuck at 23.5 weeks and remains stuck throughout pregnancy. 
Polyhydramnioss begins earlier, at 21.5 weeks gestation. Including the effects of 
polyhydramnioss (i.e., increased AV and VA resistances) causes a decrease in net fetofetal 
transfusion,, which slightly delayed occurrence of a stuck donor twin, and spontaneous 
reaccumulationn of the donor amniotic fluid (Fig.4). 

CaseCase B2: AV plus AA anastomoses: Without modeling the effects of polyhydramnios, 
thee donor twin becomes stuck at 25.6 weeks and remains stuck throughout pregnancy, and 
polyhydramnioss begins earlier, at 22.5 weeks gestation (Fig.5a). Including the effects of 
polyhydramnios,, an increased AV resistance causes a decrease in the net fetofetal transfusion 
fromm donor to recipient (Fig.5b), and consequently prevented occurrence of a stuck donor 
twinn (Fig.5). We emphasize however that polyhydramnios developed in the recipient at 22.5 
weeks,, albeit at reduced severity compared with neglecting polyhydramnios effects. 

3.2.3.2. Second mechanism: chorionic veins act as Starling resistors 
CaseCase CI: AV plus VA anastomoses: We created a bidirectional AV anastomotic pattern that 
simulatess a mild TTTS case. Without the Starling mechanism the donor twin just does not 
becomee stuck (Fig.6). With the Starling mechanism included, the donor twin becomes stuck at 
27.33 weeks gestation. In our results polyhydramnios increases net fetofetal transfusion, hence, 
hass an adverse effect on TTTS with bidirectional AV anastomoses. 
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Fig.44 The results of donor's amniotic fluid volume versus gestation for the case of AV plus VA anastomoses 
(resistancess at 40 weeks are 0.43 and 0.67 mmHg/ml/day respectively) with polyhydramnios occurring before a 
stuckk twin (case Bl) . Normal: Normal amniotic fluid development. Dotted line: Without considering the effects 
off  polyhydramnios. 2: The slope of AV resistance increase is 2 (Fig.1), 8: The slope of AV resistance increase is 
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Fig.5a)) The results of donor's amniotic fluid volume versus gestation for the case of AV plus AA anastomoses 
(resistancess at 40 weeks are 1.66 and 0.95 mmHg/ml/day respectively) with polyhydramnios occurring before a 
stuckk twin (case B2). Normal: Normal amniotic fluid development. Dotted line: Without considering the effects 
off  polyhydramnios. 2: The slope of AV resistance increase is 2 (Fig.1), 8: The slope of AV resistance increase is 
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Fig.5b)) The results of net fetofetal transfusion versus gestation for the case of AV plus AA anastomoses 
(resistancess at 40 weeks are 1.66 and 0.95 mmHg/ml/day respectively) with polyhydramnios and stuck twin 
occurringg simultaneously. Dotted line: The results of donor amniotic fluid volume versus gestation. 2: The slope 
off  resistance increase is 2 (Fig.1), 8: The slope of resistance increase is 8. ST: stuck donor twin. R: 
reaccumulationn of amniotic fluid volume in the donor. 
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Fig.66 The results of donor amniotic fluid volume versus gestation with (Starling) and without (without 
Starling)) applying Starling mechanism to the chorionic vessels for the case of AV plus VA anastomoses 
(resistancess at 40 weeks are 0.33 and 0.49 mmHg/ml/day respectively) (case CI). Normal: Normal amniotic 
fluidd development. 
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CaseCase C2: AVplus Wanastomoses: Polyhydramnios also has an adverse effect on this 
casee (results not shown). The mechanism is similar to the one described above. However, 
increasedd polyhydramnios severity could also completely occlude the W anastomosis (if 
amnioticc fluid pressure is higher than both donor and recipient venous pressures), leaving the 
AVV uncompensated. 

CaseCase C3: AV plus AA anastomoses: Polyhydramnios did not have any effect on net 
fetofetaii  transfusion in this case (results not shown). 

4.. Discussion: 
Wee have simulated two possible mechanisms to include the effects of an increased amniotic 
fluidd pressure due to polyhydramnios on net fetofetai transfusion in monochorionic twin 
pregnancies. . 

4.L4.L First mechanism: increase inAV-VA resistances due to polyhydramnios 
Forr TTTS presentation where a stuck donor occurs at the same time as polyhydramnios (cases 
All  and A2), an increased amniotic fluid pressure had virtually no effect on net fetofetai 
transfusionn of bidirectional AV anastomoses (case Al , Fig.2). For AV plus AA anastomoses 
(casee A2), polyhydramnios reduced the net fetofetai transfusion, which obviously did not 
preventt occurrence of a stuck twin, but accelerated reaccumulation of donor amniotic fluid 
(Fig.3).. For TTTS presentation where polyhydramnios develops earlier than a stuck donor 
twinn (cases Bl and B2), polyhydramnios slightly reduced the net fetofetai transfusion before 
thee donor becomes stuck in its membranes. This slightly delayed or prevented onset of a stuck 
donorr twin and accelerated reaccumulation of donor amniotic fluid. 

Thesee results raise the question whether it may be clinically beneficial to maintain an 
increasedd amniotic fluid volume/pressure instead of performing amnioreduction. Therefore, 
wee have simulated amnioreduction in cases where polyhydramnios was predicted to reduce 
thee TTTS severity. Prevention of TTTS was only predicted in AV plus AA anastomotic 
pattern,, when polyhydramnios develops before a stuck donor twin (Case B2). Here, we 
simulatedd an amnioreduction following onset of polyhydramnios in the recipient (at 22.5 
weeks).. Amnioreduction in this case was more favorable then maintaining polyhydramnios 
(Fig.7).. Amnioreduction favors the transplacental fluid flow (from mother to fetus), which 
increasess the blood volume of both fetuses (Umur et al 2001b). As a result, amnioreduction 
wil ll  increase the donor's urine production, hence, it will be beneficial for the donor fetus until 
polyhydramnioss develops again. However, in the first mechanism, amnioreduction has an 
additionall  disadvantageous effect. Since polyhydramnios increased the AV anastomotic 
resistance,, dissapearance of polyhydramnios with amnioreduction will decrease the AV 
resistance,, hence wil l increase the net fetofetai transfusion. Nevertheless, in the example 
(Fig.7)) the acute beneficial effects of the transplacental flow overcome the chronic negative 
effectss of AV transfusion. Thus, amnioreduction is more beneficial than possible positive 
effectss of polyhydramnios. Additionally, for polyhydramnios to delay or prevent a stuck 
donorr twin it needed to persist for approximately 4 weeks (Figs. 3a and 4). Therefore, the 
beneficiall  effects of polyhydramnios have no practical clinical significance. 

Thee increase in both AV and VA resistances due to polyhydramnios will decrease the 
AVV and VA flows. Consequently, this mechanism decreases the net fetofetai transfusion from 
donorr to recipient. However, this effect is not as strong as may be expected on this basis, 
becausee of the following opposing mechanism of hemodynamic adaptation. With the 
decreasedd AV flow due to AV resistance increase, the decrease in donor's arterial and venous 
pressuress will slow down, and the increase in recipient's arterial and venous pressures will 
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Fig.77 The results of donor amniotic fluid volume versus gestation for the case of AV plus AA anastomoses 
(resistancess at 40 weeks are 1.66 and 0.95 mmHg/ml/day respectively) with polyhydramnios occurring before a 
stuckk twin (case B2). Normal: Normal amniotic fluid development. Dotted line: Without considering the effects 
off  polyhydramnios. 8: The slope of AV resistance increase is 8 (Fig. 1). Amnioreduction (AR) is done at 22.5 
weekss of gestation. The amniotic fluid volumes removed was 541 ml. 

alsoo slow down. This opposing mechanism will therefore slightly increase the (decreasing) 
AVV flow and decrease the VA flow. Thus, the net fetofetal transfusion from donor to recipient 
mayy not decrease as much as expected, based on the increase in AV-V A resistances only. 

Thee increase in AV resistance due to polyhydramnios was previously touted to cause a 
decreasedd AV flow, but not directly a change in AA flow, so it would reverse the net fetofetal 
transfusionn in AV plus AA patterns (van Gemert et al 2001b). However, because of the 
decreasedd AV flow, the donor arterial pressure will increase again, the recipient's arterial 
pressuree wil l decrease, and consequently the AA flow will also decrease. A new 
hemodynamicall  equilibrium wil l be established (Figs. 3b and 5b). We emphasize that AA 
floww adjusts within hours, so virtually instantaneously, to changes in arterial blood pressures 
(vann Gemert et al 1998). 

Too simulate this mechanism within our mathematical model (Umur et al 2001a), we 
increasedd the resistances of the AV and VA anastomoses linearly with the amount of excess 
amnioticc fluid volume (Fig.1). Although the actual relations assumed in Fig. 1 are unknown, 
wee emphasize that our aim was to identify and understand the possible changes in net fetofetal 
transfusionn and hence in hemodynamic and amniotic fluid behaviour in response to increased 
anastomoticc AV and VA resistances due to polyhydramnios. 

4.2.4.2. Second mechanism: chorionic veins act as Starling resistors. 
Underr the assumption that chorionic veins act as Starling resistors, the net fetofetal 
transfusion,, hence, TTTS severity with bidirectional AV anastomoses is slightly adversely 
effectedd with polyhydramnios. When TTTS has developed, the donor twin's venous pressure 
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iss smaller  than the recipient's venous pressure. Increasing amniotic fluid pressure due to 
polyhydramnioss wil l compress the donor  chorionic veins first and therefore increases the VA 
resistance.. Consequently, a decreased VA flow develops from recipient to donor, which wil l 
augmentt  the effects of the AV flow from donor  to recipient, causing increased TTTS severity. 
Whenn the amniotic fluid pressure overcomes the recipient's venous pressure, the AV 
resistancee increases so the AV flow starts to decrease. However, the overall effect of 
polyhydramnioss on bidirectional AV anastomoses will be an increased net fetofetal 
transfusionn from donor  to recipient. In the case of AV plus W anastomoses, polyhydramnios 
mayy occlude the W anastomosis completely, leaving the AV uncompensated, resulting in 
increasedd TTTS severity. 

4.3.4.3. Impact of polyhydramnios on the fetoplacental circulation 
Althoughh littl e is known of the impact of polyhydramnios on the fetoplacental circulation, we 
tacitlyy assumed in our  original model (Umur  et al 2001a) that an increased amniotic fluid 
pressuree adds to the fetoplacental capillary pressure (Eqn.1). Since the transmitted amniotic 
pressuree adds equally to arterial and venous pressures within the fetal body, the increased 
amnioticc fluid pressure drives blood away from placenta to mother, rather  than toward the 
fetuss (Jauniaux et al 2001). Polyhydamnios also affects the placental resistance (Zikulni g et al 
1999)) and hence fetal development. Therefore, changes in fetal blood gas status (Fisk et al 
1994)) and redistributio n of blood flow toward the brain (Scherjon et al 1993), likely are 
secondaryy effects of polyhydramnios. 

Ourr  assumption implies that amnioreduction increases the transplacental fluid flow 
fromm maternal to fetal circulations (Eqn.1), hence, drives fluid acutely toward donor  and 
recipientt  fetuses. As a consequence, these fetuses may become stressed by this acute increase 
off  their  blood volume. If the recipient has already developed heart failure, or  is close to 
developingg this complication from volume overload, aggressive amnioreduction may be lif e 
threateningg for  this fetus. 

Inn conclusion, we hypothesize that the simulated effects of polyhydramnios may not 
bee the primar y cause that TTTS placentas include more often bidirectional AV than AV plus 
AAA anastomoses. Rather, the more likely explanation relates to the previously identified 
largerr  range of AA than VA anastomotic diameters that adequately compensate for  the effects 
off  the AV (Umur  et al 2002). 
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